i n s t a b i l i t y at pressure equilibrium followed by gravitational collapse. 9 and lolo years by the two step process of thermal -2-I. Introduction. -I t ia w e l l known from the V i r i a l Theorem t h a t , assuming reasonable tenrperatures and d e n s i t i e s , the smallest mass condensation t h a t can be formed, gravita-3 tionally, out of the i n t e r s t e l l a r gas is greater than 10 Therefore, if has been suggested that stars a r e formed by fragmentation processes t h a t occur during the collapse of large i n t e r s t e l l a r gas clouds.
by the fact t h a t young stars are frequently found i n c l u s t e r s .
Ma .
This hypothesis is supported However, groups of only two or three T Tauri s t a r s embedded i n isolated dsiFk clouds are known, and it is possible t h a t single T Tauri stars occur t h a t are ieolated from existing s t a r s , and whose origin cannot be associated, kinematically, with existing associations or c l u s t e r s (Herbig, 1965 ) . Thus, it may be necessary to seek out some means 05 forming primary condensations out of the i n t e r s t e l l a r gas, having masses t h a t a r e intermediate between those of galactic c l u s t e r s and individual stars, Moreover, i f a single probable example of an isolated T Tauri star can be found, it w i l l be necessary t o explain the formation of s t e l l a r mass condensations d i r e c t l y out of the i n t e r s t e l l a r medium, without recourse t o the fragmentation hypothesis.
Stfimgren (1948) showed t h a t the observed weak component of the i n t e r s t e l l a r absorption l i n e s could be explained by assumin@ that the interstellar medium has an intercloud -1 3 component hsving a mean density of about 10 atoms/cm . )
..
-3-
In 1962 Field showed t h a t the temperature of the intercloud medium could be maintained a t ~3 10% by cosmic ray heating and that, a t t h i s temperature, the i n t e r s t e l l a r gas would be thermally unstable t o wavelengths much shorter than the c r i t i c a l Jeans length.
s t e l l a r clouds t h a t w e observe i n the galsxy could have formed by thermal i n s t a b i l i t y out of a uniform intercloud medium on a time scale of about 10 years. The f i n a l r e s u l t of such a condensation process would be a stable, cool, i n t e r s t e l l a r cloud i n pressure equilibrium with the tenuous, high temperature, intercloud medium.
F i e l d went on t o show t h a t the i n t e r -
9
I n a recent paper on thermal i n s t a b i l i t i e s , Field 0 9 6 5 ) generalized Weymann's (1960) thermal i n s t a b i l i t y criterion t o include the e f f e c t s of a uniform magnetic f i e l d .
since he d i d n o t include the s e l f gravitation of the density perturbation i n e i t h e r of h i s analyses, he formed s t a b l e s t r u c t u r e s through thermal squeezing. In this paper, Field's calculations w i l l be rediscussed including self gravitation, and it w i l l be shown t h a t 100 % o b j e c t s can form d i r e c t l y by a two step process: gravitational collapse.
and Hoyle (1958) as a means of forming galaxies i n a steady s t a t e univesse.
However, thermal i n s t a b i l i t y followed by This mechanism was suggested by Gold 2. R e s t a b i l i t y analysis. -To make the problem tractable, we idea'llze ?he i n t e r s t e l l a r medium t o be a uniform, quiescent, . . ~ . .
-. Case a) Propagation p a r a l l e l to the magnetic f i e l d ; k2=k3r0.
The c h a r a c t e r i s t i c euuation becomes

Y ,
W h e n a = ,+ i M, , t h e modes correspond t o pure transverse / Alfven waves t h a t a r e uncouples from the thermal and gravitational behavior of the gas. Howevey, the modes s a t i s f y i n g the condition -7-represent two non-adiabatic sound waves (modified by s e l f gravitation) and a non-propagating thermal-gravitational mode. With t h e exception of the J terms, which repreeent the effects of s e l f gravitation, equation (10) of the c r i t i c a l Jeans length. However, when e l wP1, w e are considering short wavelengths where s e l f gravitation is unimportant is small, w e a r e considering wavelengths on the order 1 -.
-8-and pressure gradients dominate the dynamical behavior of the gas, According t o Field (1962) . it i s possible t h a t cosmic rays are the most inportant source of heating i n the intercloud medium. Thus, H /v const x p (Field, 1962) , I f cooling occurs through atomic processes according t o t h e general r e l a t i o n = z'L;<Q,Cpp), where the LiTs a r e constants is important to note that, i n both cases, the medium can '>e unstable, even when it is stable according to Jeans? criterion.
If t h e magnetic pressure i!s,mch l a r g e r than the gas 
IO-%) s t a b i l i z e s the
,
Chandrasekhar-Fermi length would be thermally stable to disturbances perpendicular t o the magnetic f i e l d .
3 . An estimate of the smallest mass primary condensation t h a t can form out of the intercloud medium by gravitational'.collapse following a thermal i n s t a b i l i t y when magnetic pressure ia << 1, and the magnetic pressure can be i n i t i a l l y neglected. However, assuming t h a t the magnetic f i e l d l i n e s remain frozen into a spherical cloud during the thermal collapse, t h e i n i t i a l magnetic f i e l d strength must be<< i n order f o r the magnetic pressure t o be negligible a f t e r the cloud
P, density has been increased by thermal i n s t a b i l i t y from i n i t i a l value
. .
-10-t o f i n a l value p . This r e s u l t follows from the facts t h a t a) The 'pure t h e m 1 i n s t a b i l i t y " would develop very nearly a t pressure equilibrium with the intercloud medium, and b)
The magnetic f i e l d strength i n the collapsing configuration would g r o w i n proportion to the square of the redius of the cloud (Mestel and Spitzer, 1956 ) 1
If the above inequality is not s a t i s f i e d i n the intercloud medium, then the collapse would occur preferentially along magnetic f i e l d lines.
and w i l l not be considered here.
on the most favorable case f o r the formation of gas clouds out of the intercloud medium, i n which magnetic pressure is negligible throu&out the collapse. magnetic f i e l d strength i n the i n t e r s t e l l a r medium l i e between lO-'G and 10-6G ( Spiizer, 1963) , w e observe t h a t t h i s condition w i l l not be s a t i s f i e d generally. However, since the g a l a c t i c magnetic f i e l d may be quite variable, it is consistent with present knowledge
The development of such a cloud would be very complicated Instead, attention w i l l be focused
Since current estimates of the mean to suppose that we a r e considering a local region i n the fntercloud medium where the magnetic f i e l d strength is abnormally Low ( i . e . , a magnetic hole ).
For our assumed intercloud conditions, the mass contained since we e r e considering an H I region, Consequently, the This would be the case intercloud medium would be thermally unstable t o short wavelength perturbations. Followir_g a thennal i n s t a b i l i t y , a s the density increases and the temperature drops, the critical Jeans' length decreases repidly , Assuming t h a t the thermal collapse occurs under pressure equilibrium conditions ( as f t would for short wavelengths ) , the Jeans' length,
Consequently, the mass contained within a growing condensation, %, would be gravitationally unstable according t o Jeans' c r i t e r i o n F i e l d s s calculations show that, f o r an i n i t i a l temperature of 10 K, the s t a b l e equilibrium temperature f o r an i n t e r s t e l l a r gas cloud collapsing under pressure equilibrium condition is about 32 K.
We can estimate the smallest mass t h a t can be formed by gravitational collapse following a thermal i n s t a b i l i t y by l e t t i n g To = 1040K and T = 32OK. Thus, w e find %W 30OMo .
0
Nonetheless, Jeans' c r i t e r i o n again overestimates the smallest unstable mass, since the i n t e r s t e l l a r medium does not behave adiabati c a l l y a t 32' K.
s h o r t e s t unstable wavelength i s ( 7/15) smallest unstable k s s is about (7/1S)3/2Mc or /v 100 M Q -However, i n order f o r magnetic pressure t o be negligible throughout such a collapse, the i n i t i a l magnetic f i e l d strength i n the magnetic hole A t t h i s temperature 4 -5 , which implies t h a t the Consequently, the 1/2 J' -12 -would have t o be extremely low; According t o this idealized picture, condensations less massive than 100 M a would f o m stable i n t e r s t e l l a r clouds, that the c l a s s i c a l Jeans c r i t e r i o n predicts t h a t t h e smallest unstable mass should be about five orders of magnitude g r e a t e r than our result I t is i n t e r e s t i n g t o note t h a t t h e minimum unstable mass derived above is i n close agreement w i t h the estimated masses of the smallest observed g a l a c t i c c l u s t e r s (Hogg, 1959) . While it does not seem l i k e l y t h a t individual s t a r s can f orrn d i r e c t l y by thermal g r a v i t a t i o n a l collapse, the p o s s i b i l i t y cannot be excluded, I f there e x i s t hot regions i n the i n t e r s t e l l a r medium i n which the density is about two orders of magnitude g r e a t e r than we have supposed, s t e l l a r mass condensations could form by t h i s mechanism, However, i n t h e absence of observational data pointing t o t h e existence of such i n i t i a l conditions, t h e formation of single s t a r s by thermal g r a v i t a t i o n a l collapse can only re.nain a possibility, not i n excess of a f e w x 10' ' G,
W e note i n passing
The t i m e s c a l e f o r fonning i n t e r s t e l l a r clouds out of t h e 9 intercloud medium is on t h e order of 10
Since the free f a l l collapse time a t cloud densities<< 10 our simplified picture implies t h a t t h e t i m e scale f o r s t a r f o m a t i o n should be only a few times 10 years; a f u l l order of magnitude less than t h e estimated age of our galaxy, Consequently, i f the ideas s e t forth i n the previous sections are t o be taken seriously, w e must explain why a l l of the i n t e r s t e l l a r matter d i d not f o m i n t o s t a r s i n less than 10" years -i.e,, why does the i n t e r s t e l l a r gas s t i l l exist ? y e a r s (Field, 1962) -9 years,
9
-13 -4, Disruptive effects, -The following effects would tend t o disrupt t h e condensation pmcess, and thereby prolong the t i m e scale f o r s t a r foxmation:
(1) Magnetic fields of appreciable strength i n the intercloud medium,
(2) Turbulence i n t h e intercloud medium, (3) Angular momentum t h a t would be pmsent i n a r e a l cloud, and (4) Collisions between collapsing clouds during the i n i t i a l phases of s t a r formation.
Presumably, effects l), 2), and 3) vary g r e a t l y f r o m place t o place i n our galaxy, However, Kahn (1955) has demonstrated t h a t cloud-cloud c o l l i s i o n s occur r e l a t i v e l y frequently i n the s p i r a l arms of our galaxy, and t h i s effect by i t s e l f would considerably prolong t h e time s c a l e f o r star formation, disruptive effects can be drawn a t t h i s t i m e , it seems l i k e l y t h a t
Hence, while no quantitative conclusions about t h e r e e x i s t s a s u f f i c i e n t variety of disruptive phenomena i n the i n t e r s t e l l a r medium t o increase the short t i m e scale f o r s t a r formation t h a t w e have derived, using an idealized model for the intercloud medium, so t h a t it & consistent with t h e estimated age of the galaxy.
.
Conclusions, -It has been shown t h a t , providing magnetic pressure is negligible, i n i t i a l thermal i n s t a b i l i t i e s i n a uniform intercloud region of the i n t e r s t e l l a r medium, having a temperature of -100 MOgravitational condensations by the two s t e p process of thermal i n s t a b i l i t y a t pressure equilibrium followed by g r a v i t a t i o n a l collapse. Moreover, i f there e x i s t regions i n t h e i n t e r s t e l l a r gas .
-. -c * I
.
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i n whiah the temperature is r~ 10 of magnitude g E a t e r than t h a t of the intercloud medium, s t e l l a r K and the d e n s i t y i s two orders mass condensations could form d i r e c t l y by the same process,
Since isolated groups of T Tauri s t a r s provide examples of small male condensations, it is urged t h a t observational a t t e n t i o n be focused on the question of determining what is t h e smallest mass primary condensation t h a t e x i s t s i n our galaxy.
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